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Amylenes, formed by an elimination reaction from the teri-amyl cation, 
are frequently co-products in these reactions. Rearrangements of neo- 
pentyl to terf-amyl derivatives are commonly known as whxtmore 

REARRANGEMENTS.")' 

When alcohols are treated with sulphuric acid, several different re- 
actions occur depending on the temperature and the relative proportions 
in which the alcohol and acid are taken. Warmed to about 80° C ethyl 
alcohol and sulphuric acid give ethyl hydrogen sulphate and some 
diethyl sulphate (ethyl sulphate) : 



C,H 8 -0-H+H— 0-SO*OH ^ C t H 8 — <U-' 
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ethyl hydrogen sulphate 

A similar further reaction between ethyl hydrogen sulphate and 
alcohol leads to the diethyl sulphate. Dimethyl and diethyl sulphates 
are best prepared by the reaction of disulphuric acid, chlorosulphonic 
acid, or sulphuryl chloride on the corresponding alcohol. In general, 
when the alcohol is heated to higher temperatures with sulphuric acid, 



srgomg rearrangement 



f Rearrangements having a similar mechanism occur with several other classes of 
compounds. These are often referred to collectively as Wagner-type rearrangement*. 
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two other reactions occur, as illustrated for the case of ethyl alcohol : 
(a) Substitution. Two mechanisms are possible, either 

? fH, H CH, 

(i) c^— 6:^cH t ^(>-so l oH— ^ cy^—o-CH, + :<£-so,oh 

V 

ethyl hydrogen sulph&to 

c^-p— c s h 5 +rip-so,OH <ya 5 — o-cft + h-o-so,oh 

diethyl ether 

or (ii) QyH,— -0.+ H-O-SOgOH 5=^ CtHj— O^-H + :c£-S0 g OH 

CiH,— S-PA +:<£-SO t 0H5=S Cft— O—C^Hj + H-O-80,0H 

diethyl ether 

Mechanism (ii) does not represent the alkyl hydrogen sulphate as a 
necessary intermediate and is given support by the fact that ethyl 
alcohol yields ether when heated with hydrogen chloride in a closed 
vessel at 150°-160° C, under which conditions ethyl chloride (the inter- 
mediate corresponding to ethyl hydrogen sulphate in (i) above) and 
ethyl alcohol do not react (van Alphen, 1030). The evidence, however, 
is insufficient for a definite mechanism to be assigned ; it is not unlikely 
that both mechanisms operate. There is also insufficient direct experi- 
mental evidence on which to decide whether a carbonium ion is pro- 
duced as an intermediate, i.e. whether the mechanism in unimolecular 
{S N l) or bimoleoular (S N 2). 

{b) Elimination. Again two mechanisms can be formulated, either 

(i) HO$0 1 -£/'+N H^^^-CHj—O-SO^H — > HOSOr-O— H + CH^CH, 

rthyi hydrogen rolphale + .O-SO.OH 



HO 80i-Ol / ^+ s * H -^CH^-CH, — K~~H — > HOSO t -0— H f +:<(-H 

Here also mechanism (ii) does not represent the alkyl hydrogen sulphate 
as an intermediate but a decision between (i) and (ii) must await further 
evidence ; again it is conceivable that both mechanisms may operate. 

An excess of the alcohol is necessary for the substitution reaction and 
ether production. Excess of acid and high temperatures favour elimina- 
tion and hence olefin formation. Tertiary alcohols yield olefins and not 



